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SUMMARY
The effect of diphenylhydantoin sodium (DPH, Dilantin) on a variety of arrhythmias was studied in relation to its plasma levels. DPH was administered in one of three ways: (1) multiple intravenous doses, (2) single intravenous doses, and (3) oral doses. Ventricular arrhythmias occurring in many clinical conditions and atrial tachycardia, particularly if caused by digitalis excess, responded well to treatment with DPH. Three fourths of the responsive arrhythmias were abolished at plasma levels of DPH of 10 to 18 /tg/ml. In most cases a critical, effective plasma level could be demonstrated; this level had to be exceeded in order to suppress the arrhythmia being treated.
A method of rapidly effective oral therapy of arrhythmias with diphenylhydantoin is described, and a method of transition from intravenous to oral therapy is demonstrated.
The antiarrhythmic action of diphenylhydantoin was accompanied by neither depression of sinoatrial nodal activity nor atrioventricular or intraventricular conduction disturbances, but was accompanied by a shortening of the Q-T interval. Hypotension accompanying the intravenous use of this drug was minimized by administration of the full dose in increments. znce of digitalis; Bernstein and associates13 lund it useful in managing recurrent arhythmias which were unrelated to digitalis ierapy, while Rosen and associates9 had ttle success with DPH except in arrhythiias that had developed in patients receiving igitalis. These divergent results have arisen .i part from differences in dosage levels and )utes of administration. Hence, the purpose f the present study was to relate the antirrhythmic action of DPH to its concentra-[on in the plasma.
Specifically, the study had four objectives: (1) to define the time course of the plasma concentration after DPH had been administered by a single intravenous injection, by multiple intravenous injections, or by multiple oral doses; (2) to examine the relation of the plasma level to the effect of DPH on various arrhythmias; (3) In the two unresponsive cases, 1,000 mg was administered and plasma levels of 20 to 23 pug/ml were achieved. The tachycardia in three of the seven patients with atrial tachycardia that converted was presumed to be due to digitalis excess; the other four patients were not receiving digitalis.
Six patients had atrioventricular dissociation, with interference. An atrioventricular junctional focus fired faster than the independent sinoatrial pacemaker and therefore controlled the ventricles; the QRS was normal. Sinoatrial capture of the ventricles occurred at expected times demonstrating that atrioventricular block was absent or minimal. The patients exhibiting these arrhythmias had myocardial infarction (two patients), recent open heart surgery (two), or probable digitalis excess (two). Administration of DPH had little or no effect on this rhythm.
The success rate in treating frequent ventricular premature contractions was high. Twenty-six of 27 attempts were successful. In three cases the ventricular premature contractions disappeared at very low plasma levels. A substantial proportion of these arrhythmias had been persistent, despite treatment with other antiarrhythmic drugs, and in some cases had caused congestive heart failure or hypotension. Twelve Figure   1 demonstrates that a desired plasma level can be achieved in a steadily graded manner when DPH is administered every 5 min. It was rare for plasma level to increase more than 3 to 4 ,ug/ml after any dose. This predictably slow increase in level resulting from incremental administration allowed us to establish the minimal effective plasma levels for arrhythmias which were abolished by DPH. Figure 2 demonstrates the plasma level of DPH at which ectopic ventricular rhythms were abolished in 24 of the patients of group I. Seventy per cent of the arrhythmias were abolished with plasma levels in the range of 10 to 18 ,ug/ml, although one arrhythmia did not respond until the plasma level reached 24 ,tg/ml.
As previously indicated, when ventricular premature contractions were abolished, further injections of DPH were withheld. In the majority of cases the arrhythmia recurred within 10 to 40 min. Administration of DPH was then resumed. Figure 3 shows the relationship of plasma DPH level to the presence of ventricular ectopic beats in a patient who had suffered recent myocardial infarction and was not receiving digitalis. Before administration of DPH Figure 4 The decline in plasma DPH concentration with time after a single intravenous dose of 300 mg. Curves are shown from six patients in group 11. The initial plasma levels were high when DPH was administered by this method, but the concentration rapidly fell. After 20 mm,n the plasma level ranged from 5 to 11 iog/ml. It may be noted by referring to figure 2 that the levels at 20 to 40 min are unlikely to produce an antiarrhythmic effect.
single intravenous doses, the fall in plasma level from 1 to 18 hr after injection is roughly exponential. Reasons for the nonexponential decline after smaller doses of DPH will be discussed later.
Response of the Patients in Group III
On a regimen of 400 mg/day, the peak plasma concentration of 10 to 12 ,ug/ml was reached only after 6 to 12 days. Thus, this was an unsatisfactory method for treating urgent cardiac arrhythmias because of the long period before a response was obtained.
Of the several oral methods employed, the most satisfactory was a loading dose of 1,000 mg given on the first day, doses of 500 to 600 mg on the second and third days, and then maintenance doses of 400 to 500 mg/day. This usually provided adequate control of responsive arrhythmias within 24 hr. Electrocardiograms obtained from an oscilloscopic recorder using rapid paper speeds were analyzed with regard to sinoatrial rate, P-R interval, QRS duration, and rate corcircu?lation. Volume XXXVIII. August 1968 rected Q-T interval, and for changes in the S-T segment and T-wave morphology. Measurement of intervals was made from recordings. Figure 6 shows the observed changes in heart rate and the measured intervals caused by DPH. No consistent direction of change was noted among the individual observations and no significant change in the mean heart rate was noted for the group. The mean changes in QRS and P-R intervals tended to decrease and in the case of the former were not significant. The change in P-R interval was significant (P < 0.02). Of great interest is the decrease in duration of the Q-T interval noted in the majority of cases and the significant decrease in the mean Q-T interval for the group after administration of the drug.
On Blood Pressure
Frequent measurements of arterial pressure were made during DPH administration. Most measurements were made with sphygmomanometer; in 10 patients continuous oscilloscopic monitoring of arterial pressure was obtained from a brachial arterial cannula.
In the patients of group III (oral doses), there was no significant change in blood pressure during therapy. In patients of group I (100-mg intravenous doses of DPH every 5 min), little change in blood pressure was noted until the accumulated dose approached 500 mg. At and above this level there was a mild decrease in systolic blood pressure (10 to 30 mm Hg). In patients of group II (single intravenous dose of 300 mg), the hypotensive effects were more marked. Systolic blood pressure usually decreased 20 to 45 mm Hg. If the arrhythmia being treated was the cause of systemic arterial hypotension, the blood pressure rose after the arrhythmia was abolished with DPH.
Undesirable Effects
The majority of the patients treated in this series received DPH for a relatively short time. Undesirable central nervous system effects were noted in 14 cases. Prominent symptoms were drowsiness, nystagmus, vertigo, and nausea, but rarely vomiting. When http://circ.ahajournals.org/ Downloaded from these occurred, the plasma level was always above 20 ,ug/ml, although all patients with plasma levels exceeding 20 ,ug/ml did not have these symptoms. These plasma levels and the associated symptoms resulted from use of large doses in attempts to convert arrhythmias unresponsive to the drug. Symptoms abated as the plasma concentration fell. As plasma level determinations were not available until some time after the treatment of the arrhythmia, these symptoms often proved a useful guide to the use of this agent. If the arrhythmia was still present with the onset of these symptoms, we were aware that we had achieved a plasma level at which almost all responsive arrhythmias would convert and that persistence in the use of this agent was unlikely to be useful.
Two episodes, encountered during intravenous use of DPH, were initially thought to be untoward cardiovascular effects of the drug. The first was an episode of marked sinus slowing, profound hypotension, nausea, and diaphoresis after 400 mg of DPH had been given intravenously in 100-mg increments. Just prior to these events the patient complained of pain at the site of an arterial needle. The heart was paced and the symptoms subsided. Subsequently the plasma levels were noted to have risen only to a peak level of 10.5 ug/ml. Twelve hours after this episode the patient was given a larger dose, 500 mg, over a much shorter period without showing any of these effects. In retrospect, it would seem most reasonable to consider this sequence of events to represent a "vasovagal" episode secondary to pain at the site of the arterial needle. Had the patient not received the drug a second time, we would have attributed this episode to drug administration.
The second complication was cardiac arrest in an acutely ill patient with atherosclerotic heart disease, atherosclerotic cerebral vascular disease, severe peripheral vascular disease, and diabetes mellitus. The arrhythmia being treated was frequent ventricular premature contraction in the presence of second degree atrioventricular block with Wenckebach periods. Following seven 100-mg doses of DPH, the ventricular ectopic activity was abolished, the atrial rate increased, the blood pressure fell slightly, and a period of complete atrioventricular block ensued. There was a short delay before an idioventricular escape rhythm emerged at a rate of 46/min. Thirty minutes after this episode, the electrocardiogram became similar to those recorded prior to DPH administration except that ventricular ectopic activity was absent. The peak plasma level achieved during the study was 22 ,ug/ml.
Because of the extremely unstable circumstances under which the drug was given, we were not able to decide whether or not these events were caused by administration of the drug. Subsequent to this occurrence we studied several patients with second degree A-V block after a catheter pacemaker was placed in the right ventricle. Several of these patients were given up to 1,000 mg of DPH in the incremental manner without any increase in A-V block. However, it is clear that careful monitoring of the arterial pressure and the electrocardiogram is necessary during intravenous administration and that incremental doses should be used. Although we have no good evidence that DPH enhances A-V block, nevertheless when high-grade A-V block is present, we think it desirable to place a catheter pacemaker in the right ventricle before treating an arrhythmia with this or any other antiarrhythmic drug. The fate and time course of intravenously administered DPH has been previously studied.17-19 Svensmark and associates'7 observed the behavior of plasma concentrations of DPH after cessation of intravenous administration (9 to 11 mg/kg of body weight) for a period of 3 to 6 days. They found that, under those circumstances, the plasma concentration fell in a roughly exponential manner at a rate of 10 to 15%/hr. This rate of fall was definitely faster than the rate of fall (35 to 55%/24 hr) from similar plasma levels when the drug was Circulation, Volume XXXVIII, August 1968 withdrawn from patients who had been on long-term oral doses.
Dill and associates14 estimated tissue and plasma concentrations of DPH 2 and 24 hr after single large doses given to rats. They noted that many tissues, especially liver and fat, had concentrations in great excess of plasma and that there were wide variations between various tissues. Such concentration gradients must be established before plasma levels can become stable. Once the various tissues come into equilibrium with the plasma concentration, withdrawal of the drug is accompanied by a fall in the plasma level which is dependent, in large part, on the metabolism of the drug which takes place in the liver.
In our studies the fall from peak plasma level after a single 300-mg dose was more rapid than that seen with larger single intravenous doses17; the fall was not exponential. It seems reasonable to suggest that this rapid fall in plasma DPH concentration was due not only to metabolism of the drug by the liver, but also to its continued uptake into tissues having a higher affinity for the drug than plasma.
Not only did we find divided intravenous doses of 100 mg every 5 min a safer way of achieving a given plasma level than single large doses, but the plasma levels, thus attained, declined at a slower rate. Using DPH intravenously in divided doses, we did not see severe hypotension or respiratory depression which may follow sudden large injections of this drug. The principal undesirable effects seen in our patients were central nervous system symptoms. Symptoms were encountered when plasma levels exceeded 20 tig/ml and abated as plasma level fell below 20 ,ug/ml; many patients do not find the central nervous system symptoms particularly unpleasant.
Actually, this correlation between plasma levels above 20 lg/ml and central nervous system symptoms was a useful index of therapy. Ninety per cent of arrhythmias which respond to DPH did so at plasma levels below 18 ,g/ml; central nervous system symptoms usually indicate plasma levels exceeding 20 jug/ml. Thus, an arrhythmia which has shown no sign of responding when these symptoms appear during administration of DPH, is unlikely to respond to further doses.
Therefore, a rational decision to abandon DPH as an antiarrhythmic agent in such a case can be made without measurement of the plasma concentration.
There are many reasons for believing that the antiarrhythmic actions of diphenylhydantoin are quite different from those of quinidine and procaine amide. In the first place, DPH is ineffective in converting atrial flutter and fibrillation to normal sinus rhythm whereas quinidine was fairly effective in our cases when DPH failed. Both DPH and the quinidine-like drugs may be quite effective in abolishing ventricular arrhythmias having a variety of causes. However, DPH or quinidine is often effective against a particular arrhythmia when aggressive attempts with the other drug have been unsuccessful. DPH is effective in treating a variety of arrhythmias induced by digitalis excess without the unpredictable arrhythmias and conduction defects reported with the use of quinidine under these circumstances. DPH and quinidine are clearly different in their electrocardiographic effects. The effect on heart rate tends to be minimal with DPH, whereas an increase in heart rate is not infrequently noted after administration of quinidine. These differences are more apparent when hypotension does not follow administration of either drug. In fact, slight decreases in heart rate may accompany moderate hypotension after administration of DPH, in patients with severe congestive heart failure.32 Neither DPH nor quinidine has marked effects on the P-R interval, although the P-R interval tends to shorten slightly after DPH. We have never seen the Circulation, Volume XXXVIII. August 1968 QRS widen even after large doses of DPH; this is common after large doses of quinidine. Another marked difference between the two drugs is noted in the Q-T interval. Therapeutic doses of quinidine increase this interval; therapeutic doses of DPH significantly decrease the Q-T interval. This suggests that quinidine causes a prolongation of electrical systole and DPH, a shortening, which is in accord with laboratory studies. 33 Thus, it would seem that DPH is an effective agent in treating ventricular arrhythmias having a wide variety of causes and in treating atrial tachycardia, especially if induced by digitalis excess. To be effective, DPH has to be maintained in an effective antiarrhythmic concentration in the plasma.
